1. Introduction
===============

*Mycoplasma pneumoniae* (MP) as one of the most frequent causes of community acquired pneumonia (CAP),^\[[@R1]\]^ accounts for up to 40% of the CAP cases in children.^\[[@R2]\]^ Previous studies showed that 18.5% to 30% of hospitalized children with CAP had evidence of concomitant viral-bacterial infection.^\[[@R3]--[@R6]\]^ Coinfection of MP is common in children with CAP.^\[[@R6]--[@R8]\]^ For instance, Chen et al demonstrated a high incidence (37%) of MP infection in Taiwanese children with CAP, among which 59.7% were coinfected with other pathogens, including *Streptococcus pneumoniae*, chlamydia, respiratory syncytial viral (RSV), influenza A, parainfluenza, adenovirus (ADV).^\[[@R7]\]^ Similarly, MP and virus coinfection were also identified in a multicenter study conducted by Hao et al.^\[[@R6]\]^ Although MP pneumonia (MPP) is generally a benign self-limited disease, some cases may become refractory. Besides excessive immune responses, coinfection is also associated with refractory MPP (RMPP).^\[[@R9]\]^ Thus, the study of coinfection of MPP might explore potential benefits of the early use of appropriate drugs for RMPP.

The known causative viral pathogens in childhood CAP are mainly RSV, ADV, influenza A and B viruses (IVA and IVB), parainfluenza viruses 1--3 (PIVs 1--3) and human rhinovirus (HRV).^\[[@R10],[@R11]\]^ With regard to virus infections, Epstein-Barr virus (EBV) infection has traditionally been paid little attention, except in infectious mononucleosis (IM) in immunocompetent patients and lymphoproliferative disorders in immunocompromised hosts. EBV as a member of the herpesvirus family, its infection is usually asymptomatic.^\[[@R12]\]^ It is reported that mild, asymptomatic pneumonia was found in about 5% to 10% of cases of EBV infection.^\[[@R13]\]^ However, its pathogenic role in respiratory tract infections in immunocompetent patients remains poorly understood. Moreover, coinfection of EBV and MP in lung in immunocompetent children have received little attention and rarely been reported. Therefore, the aim of this study was to gain a better understanding of the clinical and pathological significance EBV coinfection on MPP in hospitalized children. The clinical and laboratory characteristics in such instances were also defined and discussed.

2. Materials and methods
========================

2.1. Study population
---------------------

We retrospectively collected the clinical data of patients with pneumonia who were treated with fiber optic bronchoscopy (FOB) in Children\'s hospital, Zhejiang University School of Medicine between January 1, 2014 and December 31, 2014.

The inclusion criteria for our study included

1.  patients with signs and symptoms indicative of pneumonia on admission, including fever, cough, abnormal lung auscultation and a new infiltrate on chest radiograph;

2.  The diagnosis of MP infection was confirmed by the positive results for MP polymerase chain reaction (PCR) tests of bronchoalveolar lavage fluid (BALF).

Likewise, EBV infection was based on the positive results of EBV PCR of BALF. All patients with large pulmonary lesions or lung inflammation difficult to absorb were treated with alveolar irrigation and drainage using FOB.^\[[@R14]\]^ MPP patients showing clinical and radiological deterioration despite of macrolide antibiotic therapy for 7 days or longer was defined as RMPP.^\[[@R15]\]^

The exclusion criteria for our study were

1.  patients with immune deficiencies, chronic diseases, heart diseases, neurological disorders, bronchopulmonary dysplasia, metabolic diseases, congenital disease and who were using immunosuppressive drugs;

2.  besides MP and EBV, those coinfected with other pathogens; and

3.  those with incomplete clinical data.

This study was conducted with the approval of the Ethics Committee of the Children\'s Hospital, Zhejiang University School of Medicine. All methods were conducted in accordance with the Declaration of Helsinki. Written informed consent was received from legal guardians of each patient.

2.2. Data collection
--------------------

Data regarding demographic, clinical information, laboratory data, radiological and FOB findings from all enrolled patients were retrospectively collected. Laboratory specimens were obtained including blood, nasopharyngeal aspirates (NPAs), and BALF. Peripheral blood samples were obtained on admission for the determination of white blood cell count, neutrophils % (N%), platelet (PLT) count, C-reactive protein (CRP), humoral immunity (including IgA, IgG, IgM and IgE), cell-mediated immunity (including CD3+, CD4+ and CD8+ cells), cytokines (including interleukin-2 \[IL-2\], IL-4, IL-6, IL-10, interferon γ \[IFN-γ\] and tumor necrosis factor α \[TNF-α\]) and serology for Chlamydia pneumonia (CP), Chlamydia trachomatis (CT), Legionella pneumophila (LG) and EBV (including capsid antigen \[VCA\], early antigen \[EA\] and nuclear antigen \[NA\]). To rule out other viruses (including RSV, influenza viruses, metapneumovirus, adenovirus, and parainfluenza virus) or bacterial coinfection, NPAs were obtained during the first 24 hours of hospitalization for virus antigens detection and bacterial culture.

2.3. BALF collection and MP/EBV gene detection
----------------------------------------------

The procedure of BALF collection was performed as described previously.^\[[@R14]\]^ Briefly, BALF samples were collected for MP and EBV DNA detection, and the remaining samples were counted after centrifuged at 200 × g for 10 minutes at 4°C. MP or EBV DNA was detected on a 7500 Real-time PCR System (Applied Biosystems) using MP PCR kit (Daan Gene Ltd Co., Guangzhou, China) or EBV PCR kit (Daan Gene Ltd Co., Guangzhou, China) based on the TaqMan PCR technology.

2.4. Measurement of serum cytokines
-----------------------------------

The serum concentrations of IL-2, IL-4, IL-6, IL-10, IFN-γ, and TNF-α were determined using a cytometric bead array (CBA) Human Th1/Th2 Cytokine kit II (BD Biosciences, San Diego, CA) according to the manufacturer\'s specifications as described previously.^\[[@R16]\]^

2.5. Statistical analysis
-------------------------

Statistical analysis was performed using SPSS 23.0. Data were reported as numbers with percentages for categorical variables, and as mean ± standard deviation (SD) or median with interquartile range (IQR) for continuous variables. Meanwhile, χ2 test or fisher exact test for categorical data, and parametric or nonparametric comparative tests for continuous data were used to compare variables between groups. Area under the receiver operating characteristics (ROC) curve was to evaluate candidate indicators with regard to the assessment of patients with coinfection. Logistic regression analysis was performed to select the variables associated with the coinfection. *P* \< .05 were considered statistically significant.

3. Results
==========

3.1. Clinical characteristics
-----------------------------

A total of 147 patients were finally recruited into this study, of which the MP/EBV coinfection group accounted for 79 (53.7%) cases and MP group for 68 (46.3%) cases. None of the patients with MP/EBV coinfection had a history of infectious mononucleosis. Relevant demographic, clinical and laboratory data of these patients were shown in Table [1](#T1){ref-type="table"}. In brief, no difference was found in age, gender distribution, and duration of hospitalization between these 2 groups. However, coinfection group had a longer duration of fever compared with MP infection group. As some patients displayed clinical and radiological progression after macrolide therapy for 7 days or longer, 32 patients were defined as RMPP in MP group, while 51 patients in coinfection group (*P* = .033).

###### 

Baseline demographics of the patients.
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Regarding the laboratory examinations, the median levels of CRP, IgA, IgG and the median percentage of peripheral neutrophils in coinfection group were significant higher than those in MP group, although no significant differences were observed in the median values of WBC, ALT, AST, LDH, CK-MB, IgE, IgM, and subtypes of T lymphocytes between the 2 groups.

Furthermore, the EBV DNA copies in BALF in coinfection group range from 1.0 × 10^3^ to 1.8 × 10^8^/ml. However, there was no difference in BALF MP DNA copies and neutrophil percentages between the 2 groups.

Of note, there were 8 different types of antibody response against EBV in coinfection group (Table [2](#T2){ref-type="table"}). The positive rate of VCA-IgM, VCA-IgG, EA-IgM, EA-IgG, and NA-IgG in serum of coinfection patients were 7.6%, 100.0%, 11.4%, 19.0%, and 87.3%, respectively.

###### 

Types of antibody response against EBV in patients with MP/EBV coinfection.
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In addition to laboratory data, radiological findings showed severe pulmonary complications in both groups (Table [3](#T3){ref-type="table"}). In detail, there were significant differences between the groups in the incidence of pulmonary consolidation (8.8% vs 29.1%, *P* = .002). However, the difference in the incidence of lobar atelectasis, pleural effusion, mediastinal emphesema and necrotizing pneumonia did not reach statistical significance.

###### 

Radiological features of the patients.
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Of the 147 patients, extra-pulmonary complications were found in 38 cases (25.9%). In detail, the patient number of extra-pulmonary complications was 17 (25.0%) in MP group and 21 (26.6%) in coinfection group, without a significant difference (*P* = .827). Among patients with extra-pulmonary complications of MP group, only 1 subject had 2 extra-pulmonary systems involvement and the remaining patients had only 1 extra-pulmonary system involvement. In the coinfection group, only 1 extra-pulmonary system involvement was observed in 15 patients, while 2 and more than systems involvement were observed in 5 patients and 1 patient, respectively. In total, extra-pulmonary complications including liver dysfunction, myocardial injury, granulocytopenia, thrombocytopenia, hypokalemia, and rash involvement were seen in 16 (10.9%), 24 (16.3%), 2 (1.4%), 1 (0.7%), 3 (2.0%), and 1 (0.7%) case, respectively (Table [4](#T4){ref-type="table"}). Unfortunately, there was no significant differences between the 2 groups in the incidence of liver dysfunction, myocardial injury, granulocytopenia, thrombocytopenia, hypokalemia, and rash (Table [4](#T4){ref-type="table"}).

###### 

Extra-pulmonary complications of the patients.
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3.2. Comparison of the serum cytokines between the MP group and the coinfection group
-------------------------------------------------------------------------------------

A comparison of the serum cytokines between the MP group and the coinfection group was presented in Figure [1](#F1){ref-type="fig"}. In detail, the serum IL-2 concentration was significantly higher in coinfection group (3.50 (2.50--4.50) pg/ml) than those in MP group (2.75 (1.93--3.70) pg/ml) (Fig. [1](#F1){ref-type="fig"}A). However, serum IL-4 (3.20 (2.80--4.10) pg/ml), IL-6 (32.45 (9.98--73.05) pg/ml), IL-10 (5.15 (3.68--10.45) pg/ml), TNF-α (3.15 (1.80--6.28) pg/ml) and IFN-γ(16.40 (7.48--32.95) pg/ml) concentrations did not differ significantly between the coinfection and MP groups (3.30 (2.70--3.70) pg/ml, 23.95 (6.30--190.80) pg/ml, 5.40 (3.73--10.10) pg/ml, 2.95 (1.93--14.80) pg/ml, 13.60 (7.93--32.60) pg/ml, respectively) (Fig. [1](#F1){ref-type="fig"}B--F).

![Comparison of serum cytokine concentrations between MP group and MP/Epstein-Barr virus coinfection group. (a) IL-2; (b) IL-4; (c) IL-6; (d) IL-10; (e) TNF-α; (f) IFN-γ. MP = *Mycoplasma pneumoniae*.](medi-99-e19792-g005){#F1}

3.3. Predictive values of the independent correlation factors in patients with coinfection
------------------------------------------------------------------------------------------

To explore the predictive values of clinical and laboratory data for MP/EBV coinfection, ROC curves were made and the cut-off values with maximum sensitivities and specificities were determined. Analysis of these ROC curves showed that fever duration, the percentage of neutrophil, CRP, IL-2, IgG, and IgA were useful for differentiating MP/EBV coinfection patients from MP infection patients (Fig. [2](#F2){ref-type="fig"} and Table [5](#T5){ref-type="table"}). When the cut-off values for fever duration, the percentage of neutrophil, CRP, IL-2, IgG, and IgA were set at 9.50 days, 55.75%, 11.0 mg/L, 3.35 pg/ml, 9.20 g/L, and 1.0 g/L, respectively, the sensitivity and specificity in differentiating MP/EBV coinfection from MP infection were 75.9% and 42.6%, 84.8% and 44.1%, 86.1% and 35.3%, 56.5% and 68.3%, 65.2% and 63.0%, 71.0% and 57.4%, respectively. Furthermore, multiple logistic regression analysis was performed to assess predictors which allowed the differential diagnosis of MP/EBV coinfection an MP infection. The IL-2 ≥ 3.35 pg/ml was significantly predictive regarding the differentiation between the 2 groups, with the odd ratio (OR) value of 3.677 (Table [6](#T6){ref-type="table"}).

![Receiver operator characteristic curves for differentiating *Mycoplasma pneumoniae*/Epstein-Barr virus coinfection from *Mycoplasma pneumoniae* pneumonia. (a) C-reactive protein; (b) Fever duration; (c) IgA; (d) IgG; (e) IL-2; (f) Blood neutrophil%.](medi-99-e19792-g006){#F2}
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ROC curve analysis for predicting MP/EBV coinfection in MPP patients.
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###### 

Stepwise logistic regression analysis for the related factors predicting the MP/EBV coinfection in MPP patients.
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4. Discussion
=============

Although MP and EBV are common pathogens among children,^\[[@R17]\]^ coinfection of EBV and MP in respiratory tract has rarely been reported in immunocompetent patients and is not commonly recognized by clinicians. In our study, we found presenting symptoms and radiographic findings in children with MP and EBV mixed infection were nonspecific and similar to what was seen in MP infection. However, coinfection patient had prolonged fever, higher CRP, and higher incidence of pulmonary consolidation, indicating that the symptoms and physical signs seemed to be more severe in the coinfection patients. Similarly, some case studies reported patients coinfected with MP and EBV suffered more severe symptoms.^\[[@R17],[@R18]\]^ For example, Li et al presented a case of EBV and MP coinfection complicated with splenic infarction.^\[[@R17]\]^ Combined leukocyte and erythrocyte agglutination was described in a 7-year-old patient with MP and EBV coinfection by Yenson et al.^\[[@R18]\]^ These together indicated that to some extent MPP children with EBV coinfection had a more severe illness.

Although MP infection was usually thought to be a self-limited and benign disease, some cases may still proceed to clinical and radiological deterioration despite appropriate macrolide therapy, which were defined as RMPP. The reasons why RMPP occurred are still unclear, but it is widely accepted that excessive immune response, mixed infection, drug resistance and bacterial loads seemed play an important roles in the progress of RMPP.^\[[@R19],[@R20]\]^ Zhang et al reported that 27.0% RMPP patients had coinfection with other pathogens, such as *Streptococcus pneumoniae*, *Haemophilus influenza* and *Staphylococcus aureus*, bocavirus, rhinovirus, RSV.^\[[@R9]\]^ Similarly, we showed that EBV coinfection occurred in RMPP patients, which might be a supplement to the scarcity of studies investigating coinfection of RMPP in children. Furthermore, higher incidence of RMPP was observed in MP/EBV coinfection, implying EBV coinfection in MPP patients may partially contribute to the occurrence of RMPP.

It has been reported that EBV DNA can be detected in the lung from healthy subjects, because the respiratory tract is a major reservoir for EBV.^\[[@R21]\]^ Costa et al showed that EBV-DNA was positive in 40.7% transplant recipients and 23.1% nontransplant patients.^\[[@R12]\]^ In our study, among the immunocompetent patients with MPP, EBV DNA was positive in nearly half of the patients. This is likely an overestimate, given that we only include MP positive cases who went through alveolar irrigation and drainage.

The pathogenic role of EBV in association with MP in lung, has not been clarified yet.^\[[@R22]\]^ CRP is a gross biochemical index of inflammation and reflects the acute severe systemic inflammatory. In present study, the significant elevated serum CRP suggested the severity of systemic inflammatory responses to MP/EBV coinfection. Cell-mediated immunity and hypercytokinemia were demonstrated to play important roles in the MP infection progress.^\[[@R15]\]^ Various cytokines, including IL-2, IL-8, IL-18, were reported to be involved in the immune reaction to MP infection.^\[[@R23]\]^ Of interest, we found IL-2 significantly elevated in the coinfection group, showing to some extent EBV may accelerate the immune response of MP. Likewise, a study reported that some mycoplasma species may act as immunomodulatory cofactors by eliciting inappropriate cytokine gene expression in B cells latently infected with EBV.^\[[@R24]\]^ Moreover, our study also showed that MP/EBV coinfection patients had higher incidence of pulmonary consolidation. Pulmonary consolidation is usually caused by abnormal transport of airway secretions, which is associated with excessive inflammatory reactions. These results indicated coinfection might lead to release higher cytokines, and then contribute to the excessive inflammation reaction. Additionally, IL-2, as a T cell growth factor, plays an important role in induction/suppression of immune responses via activation of regulatory T lymphocytes.^\[[@R25]\]^ It has been approved for the treatment of a variety of disease, including metastatic melanoma and renal cell carcinoma, with beneficial results.^\[[@R26]\]^ We showed IL-2 response to MP/EBV coinfection was higher than that to MP single infection and was defined as a risk factor of coinfection, implying IL-2 is of considerable therapeutic interest. Furthermore, ROC curve analysis showed a good discriminatory power of IL-2 for predicting MP/EBV coinfection. As a result, IL-2 might be useful for the identification of patients at high risk for MP/EBV coinfection.

This study has several limitations. Firstly, as it was a retrospective study, we collected all the qualified children rather than calculated the sample size in the study period. The sample size is not large enough. These might lead to selection bias and reduce the test efficiency. Secondly, the collection of the laboratory samples did not occur on the same day after the disease onset, which might produce bias. Thirdly, our study was based on a single center for data, which might result in potential biases and a multi-center study is need in the future. Fourthly, FOB is an invasive procedure. It was performed in relative severe MPP patients, for example, whose lung inflammation were difficult to absorb, to help diagnosis, and treatment, resulting in selection basis. However, despite these limitations, our study is the first report focus on the MP/EBV coinfection, and clearly indicated IL-2 has the potential to be used as a good predictor of MP/EBV coinfection in children with MPP. Further prospective study enrolled with a large number of patients with MPP is needed to be carried out to clarify the pathogenic role of EBV in MPP and the potential utility of IL-2 as a predictor.

5. Conclusions
==============

Our study illustrated that MP/EBV coinfection pose a higher risk for prolonged symptoms and severe complications. Greater awareness among clinicians would ensure an early and accurate diagnosis of coinfection of MP/EBV. Further studies are needed to clarify the pathogenesis and interactions involved in MP/EBV coinfection.
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